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Behavior of Flame/Plume Flow in and near Corner Fire
-Entrainment Coefficient For Corner Fire -

Osami Sugawe™* and Muneharu Tobari**
* Center for Fire Science and Technology, Science University of Tokyo
** Data Communication System Co., Ltd. (Graduated Student of the SUT)

Experimental study on the flow behavior ir and near corner fire was carried out using a model fire
source changing the distance from the comer and heat release rate. Temperature, upward velocity,
and CO, gas concentration were measured systematically in flame region and in lower part of the
plume. Flame length and the height where the peripheral part of the flame touched to the wall were
also observed. Based on the horizontal distributions of temperature, CO, gas concentration, and
upward velocity, mass fluxes were estimated at several measuring heights. Then increased mass
fluxes between the measuring heights were calculated and air entrainment coefficients were esti-
mated as a function of separation distance. The air entrainment coefficient is smaller than that in
the free boundary condition in case of a fire locates within the dimensioniess separation, S/D, of 3.

Key Words: corner fire, air entrainment, mass flux

1. Introduction

Flame height in a free boundary condition is well
correlated with dimensionless heat release rate Q*.
Many researchers have proposed the models on this
correlations [1], and in these correlations the efficiency
of burning reaction is included as the coefficient be-
tween dimensionless flame height and Q*. As air en-
trainment into a flame and plume is restricted by walls,
so that flame and plume properties must be perturved
resulting in flame extension. Many items, such as fur-
niture, trash can, bed, etc., are set near and in corner
for real life. In this situation, considering real fire sce-
nario for better fire safety, it is necessary to consider
the flame and plume behavior from a fire which locates
in a corner. The near and in a corner fire gives the flame
extension and leaning to corner and/or walls resuit-
ing rapid fire propagation to ceiling and then which gives
rapid flashover in a compartment. The flow behavior in
and near corner showed different manner [2] from that
from a fire in a free boundary. However, there is not
enough knowledge on this flow behavior. In this paper,
we deal with the flow behavior from a fire setin and
near corner. We would like to make ciear the air en-
trainment coefficient quantitatively.

2. Experimental Procedures

Three types of square propane gas burner of
10cm x 10cm, 25cm x 25¢m, or 50cm x 50cm were
used respectively as model fire source giving 4.5kW to
200kW. Main series of the experiments, presented in
this paper, were carried out using 4.5kW, 7.5kW and
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15kW fire from a 10cm x 10cm square burner. The
square burner, which gives a turbulent diffusion gas

flame, locates on the
ID

45 degree line from a Wall
right angle (90 deg.)
corner taking the di-

mensionless separa-

tion, S/D, of 0, 0.5,

10and2.0. Where S Square Burner

is separation from

Sdeg
=
o
=
Figure I Layout ofthe fire source

in and near corner.

wall to a burner and
D is length of a
burner. Figure 1
shows the schematic plan view of an arrangement of a
burner and wall.

Two walls were composed by several ceramic
boards of 25mm thick with 1.7m wide and 3m high and
no ceiling was attached them. Flame
height and its leaning behavior was observed and re-
corded by a video system. Temperatures and upward
velocities in several horizontal planes were measured
systematically and which were recorded every 5 sec.
Their time-averaged data were estimated and which
were used to calculate the upward mass fluxes at sev-
eral horizontal planes.

3. Results and Discussion

3-1. Cross section of the Flame and Plume Area
Figure 2 shows the representative cross sections

of the excess temperature maps including the regions
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Figure 2 Representative cross section of the flow in and near comer using a 4.5kW square model fire source.

of flame, intermittent flame, and plume where the mass
fluxes were estimated taking the peripherals boundzry
of 15% (N=15%) of the maximum value in the each
cross section. The square shadow is location of the
fire source. It is clearly observed that the cross sec-
tions changed from circular to triangular shape with
the increase of the measuring height. These shapeas
indicate the ambient air entrainment was induced
mostly along the 45deg line to the corner and poor
entrainment was induced along the walls’ surface. The
mass flux in these cross sections along the height
were evaluated by the summations of mass fluxes of
small cells by

0.1 7] g
-~ 3 S *  S/D2.0, 4.5k
Z BS/D2.0, T.ORW
B - 4 5/D°2.0, 15kW
= o S/D 0.5, 4.5kW
O S/D=0.5, 7.5kW
= 0.01 & S0 15kW
= o S/D0, ASKW
o O S/D:0, 7.5kW
= A S/DE0,  15KW
= ] - - = o Yukoski
0.001 /
0.10 1.00 10.00
Z+Z4m)

Figure 3 Upward mass flux at the several measuring
planes are plotted against the height from the virtual point
source. Mass fluxes are normalized Q'3
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m ps = Y pvdA
Where my, is mass flux, p is gas density, v is upward
velocity, and dA is cell area of the measuring cross
section taking dA of 5cm x 5cm in our experiments.
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0.20 7’
7’
® 4.5kW
~~ -
< 0.15 ,/g A T.5kW
= O 15kW
L 010 // cenm 7\ | ko sk
o :
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Figure 4 Entrainment coefficient as a func-
tion of dimensionless separation distance.

3.2 Mass Flux along the Trajectory

Figure 3 shows the correlation of mass fluxes
normalized by heat release rate of 1/3 powered, m o/
Q**, with height from the virtual source point of Z+Zo.
Where Zo is evaluated as 1.5,/A; after Thomas [3]
taking A, as area of the fire source. When the fire
source locates far from the corner, in the case of S/
D=2.0 in our experiments, the correlation between
mass flux and height in the fower part of the flame
showed the similar correlation that obtained in the
free boundary condition. Based on the Figure 3, the
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mass flux along the height can be modeled and de-
scribed by m,, =kQ"3(Z + Zo)*”* taking the coeffi-
cient k of 0.21[1]. However, the correlation inthe
intermittent and plume regions of the flow, -and the
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Figure 5 CO, gas concenetration normalized
by 2/3 power of heat release rate as a function

of height from the virtual point source.
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Figure 6 Excess temperature normalized by 2/
3 power of heat release rate as a function of
height from the virtual point source.

flow from a fire source locates in and near comer, the
gradient between normalized mass flux and height,
Z+Z, along the trajectory changed from 5/3 to 1/1 as
shown in Figure 3. These show that the ambient air
entrainment into the flow is strongly restricted by walis.
The height where the gradient changed from 5/3 to 1/1
corresponded to the height where the peripheral zone
of the flame touched to the walls. The upward flow from
a fire source which locates near corner leans to the
corner of walls. Lower part of the flow, which is sur-
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rounded by ambient air, which showed the same man-
ner of air entrainment. In cases of the fire source lo-
cated inorneartoacomer, SID=0and SD=05in
our experiments, increasing rate of the upward mass
flux showed smaller value than that obtained in a free
boundary. The correlation for the flow in and near
corner fire, we obtained the simple model of

e =k Q"3 (z+20)'""

It is clearly identified that two kinds of increasing modes
exit in the correlation between upward mass flux for far
“corner fire” and “in and near corner fire” and which
suggested that the amount of air entrainment was gov-
erned by the space between the flame and walls. In
order to evaluate the air entrainment behavior into flame
in and near corner, entrainment coefficients, Cm, were
evaluated based on the mass flux and are as plotited a
function of separation distance as is shown in Figure
4. This figure shows that entrainment coefficient, Cm,
approaches to the value of 0.21 as dimensionless
separation, S/D, increases up to about 3 which corre-
sponds to the value obtained in the free boundary
condition as was reported by Zukoski [1].

3-3. Averaged CO, Gas Concentration and Averaged
Excess Temperature along the Trajectory

In the previous section, we evaluated the guantita-
tive air entrainment into the flame and plume. Entrained
air dilute the combustion products and which resulted
in the decrease of flame temperature and CO2 gas
concentration along the trajectory. Figure 5 and 6 show
the CO: gas concentration and excess temperature
decreasing modes respectively for height along the tra-
jectory. Both physical values were normalized by the
Q?* changing the dimensionless separation distance
S/D. Gradient of CO:2 gas concentration for height was
evaluated as -1/1 and which is similar to the gradient
obtained for the decreasing mode of excess tempera-
ture from a line fire source. As similar to this gradient,
excess temperature along the corner space, showed
the almost the same gradient as shown in Figure 6. In
our case of experimental results, however, the gradi-
ent for excess temperature showed slightly greater
gradient of -6/5 than that of CO.. This discrepancies
may be caused by the heat loss to walls.

The upward velocity was also measured and which
showed gradient of 0 for height along the trajectory in
flame and lower part of the plume suggesting the same
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behavior as observed from the line fire source.
The decreasing modes obtained along the trajec-
tory for COz gas concentration, excess temperature,

(SD-0.5 Q=4.5kW)
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Figure 7 COz mass flux along the flow.

and upward velocity implied that the hot flow from in
and near a corner fire is quite similar to those from a
line fire source.

As representatively shown in Figure 2, we esti-
mated the periphery based on the N% methaod to evaiu-
ate the mass flux by integrating the upward velocity
and gas density. This method liable to bring about
under estimation by cutting off the periphera!l part of
the flow. In order to check asbout the N% (N= 15%)})
method, we also evaluate CO. mass flux taking the
same N% method and compare the carbon mass
balanace between fuel and CO: gas mass flux at mea-
suring heights. Figure 7 shows the CO» mass balance
between fuel and gas in flame. We assumed that car-
bon in the fuel reacts with O stoichiometrically. In the
upper part of the flame and plume, it is very difficult to
measure diluted CO: gas concentration. This difficuity
brought about the shortage in CO. mass balance, as
shown in Figure 7, however, this figure revealed N%
method taking (N=15%) is acceptable to estimate the
mass flux.

3.4 Flame Height in and near Corner
Sugawa et al. [4] reported the flame extention be-
havior in and near corner and presented the model.

r 12
L_Jsi+p? |7
Lo |4p” +D?
where Lo is the flame height in case of the fire locates

in a corner, L is flame height with separation $, D is
side length of a square fire source. This model is appli-

L/Lo (=)
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Figure 8 Dimensionless flame height against the di-

mensionless separation distance from wall with chang-
ing the dimensionless heat release rate Q*.

dimesnionless flame height, L/Lo, as a function of
dimensionless separation distance, $/D, changing the
dimensionless heat release rate of Q*. It is noted that
the flames from fires of having Q*<1 indicated scarce
extension behavior as if they were set in a free bound-
ary condition. No apparent cbstacle or shortage of air
entrainment into flame was observed for fires having of
Q*<1. Flames from greater Q" fires (Q*>1) showed pro-
nounced flame extension when they approached to walls
(or into corner) due to wall effects. It is necessary to
establsih the model on flame extension behavior con-
sidering the chemical reaction for Q*<1 fires.
4. Conclusion

Air entrainment coefficient for in and near a corner
fire was obatained as a function of dimensionless sepa-
ration distance from a corner based on the measure-
ments of excess temperature, CO: gas concentration,
and upwawrad velocity. This coefficient changes from
0.03 for a corner fire and 0.21 for a fire which locates
more than three times far from a corner. This result
indicated that wall-effect, as a obstacle effect on air
entrainment into flame, reach to about three times sepa-
ration distance of a fire source’s side length. Flame
extension is apparently observed for a corner fire as its
dimensionless heat release rate, Q*, is greater than 1.
For Q*<1 fires locate in and near corner, there is little
effect on the flame extension.
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